Antimicrobial activities of extracts of fruit bodies of Lycoperdon perlatum against Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli, Bacillus cereus, Candida albicans and Candida glabrata were investigated. Antimicrobial components from the mushrooms were extracted using ethanol, methanol and water. The antimicrobial activities were examined by agar well diffusion method. The MIC, MBC and MFC were evaluated for each extract of the mushroom. The aqueous extract of Lycoperdon perlatum inhibited the growth of all the tested pathogenic organisms except P. aeruginosa while the methanol and ethanol extracts inhibited all the tested organisms. The phytochemical analysis revealed the presence of varying levels of bioactive compounds. Flavonoids, saponins, protein and carbohydrate were detected in all the extracts while glycosides, alkaloids and tannins were found in some. The results obtained from this study suggest that Lycoperdon perlatum has broad-spectrum of activity against microbial isolates used. 
INTRODUCTION
Time immemorial, mushrooms have been used as a part of regular diet due to their nutritional and medicinal values. Mushrooms have been found to contain minerals, vitamins and nutritive compounds,and viruses (3, 4, 5, 6, 7, 8, 9) . Prior to the discovery of their high medicinal value, mushrooms have been used for hundreds of years in traditional medicine for curing various types of diseases such as antimicrobial, antioxidant, antiviral, anticancer, antitumor, antiinflammatory, cardiovascular diseases, immunomodulating, central activities (10, 11, 12, 13) .
Lycoperdon perlatum, popularly known as the common puffball, warted puffball, gem-studded puffball, or the devil's snuff-box, is a species of puffball fungus in the family Agaricaceae. . A widespread species with a cosmopolitan distribution, it is a medium-sized puffball with a round fruit body tapering to a wide stalk, and dimensions of 1.5 to 6 cm wide by 3 to 7 cm tall. It is off-white with a top covered in short spiny bumps or "jewels", which are easily rubbed off to leave a netlike pattern on the surface. When mature it becomes brown, and a hole in the top opens to release spores in a burst when the body is compressed by touch or falling raindrops (14) . A saprobic species, Lycoperdon perlatum grows solitarily, scattered, or in groups or clusters on the ground. It can also grow in fairy rings. Typical habitats include woods, grassy areas, and along roads (15) . It is edible when young and the internal flesh is completely white, although care must be taken to avoid confusion with immature fruit bodies of poisonous Amanita species. L. perlatum can usually be distinguished from other similar puffballs by differences in surface texture. Due to the dearth in literature on the dual value of Lycoperdon perlatum as food and its antimicrobial efficacy, this study was designed.
MATERIALS

AND METHODS Collection and Identification of Materials
Lycoperdon perlatum was collected from different sources of Umuahia North Local Government area, Abia state and identified by a botanist in the Department of botany, University of Nigeria, Nsukka. 
Test
Standard
Antimicrobials Tetracycline (5 µg/ml), Gentamycin (5 µg/ml), Amplicillin (5 µg/ml), Oxacillin (5 µg/ml), Fluconazole (5 µg/ml) and Nystatin (20 µg/ml) oxoid disk were used as positive standards.
Sample preparation and extraction
Fresh L. perlatum mushrooms were thoroughly washed with clean water, cut into pieces, air-dried at room temperature and pulverized using manual grinder. Fifty grams of each of the ground samples was soaked in 300 ml ethanol, cold water, and methanol for 24 hours with intermittent shaking. Each sample was filtered using Whatman №1 filter paper. The filtrate was poured into a crucible and allowed to dry under steady air current in order to obtain the extract which was scooped and poured into welllabeled sample bottles and stored at 4ºC (16) . 
Inoculum preparation
Determination of antimicrobial activity of mushroom extracts
Antimicrobial activity of mushroom extracts was determined according to the National Committee of Clinical Laboratory Standards (17) . Agar well diffusion method on Sabouraud dextrose agar (SDA) and Muller-Hinton agar were used for fungi and bacteria respectively. Up to 100 µl of the inoculum was poured onto the agar plate and spread with glass rod under sterile conditions. Wells (6mm diameter) were bored into the agar using sterile cork-borer and 0.1 ml of different concentrations of the extracts (500, 250, 125, 62.5, 31.25, 15.63 and 7.81 mg/ml) was applied into each well. Negative control wells were filled with dilute dimethylsulfoxide while positive controls were antibiotic discs of tetracycline (10 µg/ml); ampicillin (10 µg/ml) for Gram negative bacteria isolates and oxacillin (5 µg/ml); gentamicin (10 µg/ml) for Gram positive bacteria isolates. Antifungal discs of fluconazole (25 µg/ml) and nystatin (20 µg/ml) (Oxoid, United Kingdom) were used as positive controls for fungal isolates.This procedure was done in triplicate for the entire test organisms, allowed to stand for 30 minutes on the bench and incubated for 24 hours at 37±2 0 C for bacteria and 72 hours at 28±2 0 Cfor yeast. After incubation, the inhibition zone diameters produced by the different concentrations of the crude extracts were measured (in millimeter) and recorded. Antimicrobial activities were expressed in terms of the mean value of the inhibition zone produced by the mushroom extracts. 
Determination
Statistical analysis
Experimental values were given as means ± standard deviation (SD). Statistical significance of data were analyzed at P ≤ 0.05 (ANOVA) using statistical package for social sciences (SPSS, Armonk, NY, USA) version 20.
RESULTS
The antimicrobial activity of Lycoperdon perlatum was determined by agar well diffusion method against six pathogenic isolates. Table 3 showed the qualitative phytochemistry of Polyporus alveolaris using different solvents (ethanol, methanol and aqueous). The phytochemical analysis revealed the presence of bioactive compounds which were present at varying levels. Saponins, protein and carbohydrate were detected in all the extracts while glycosides, alkaloids, tannins and flavonoids were found in some. Figure 1 shows the result obtained for the antimicrobial activity of Lycoperdom perlatum methanol extract. This extract exhibited a broad spectrum activity, inhibiting all the tested organisms including P. aeruginosa that was resistant to other crude extracts. However, the mean inhibition zone diameter of P. aeruginosa was significantly (p < 0.05) lower than that of other inhibited organisms. Figure 2 shows the result obtained for the antimicrobial activity of Lycoperdom perlatum ethanol extract. This extract exhibited a broad spectrum of activity, inhibiting all the tested organisms including P. aeruginosa that was resistant to other crude extracts. However, inhibition of the antibacterial and antifungal control for the test organisms were significantly higher (p < 0.05) than that of the extract. Figure 3 presents the antimicrobial activity of Lycoperdom perlatum aqueous extract. The different test microorganisms showed varied susceptibility to the extract. B. cereus, S. aureus, C. glabrata and C. albicans were well inhibited by the extract. E.coli was only inhibited at concentrations of 500 mg/ml and 250 mg/ml while P. aeruginosa was not inhibited even at the highest tested concentration of 500 mg/ml. However, inhibition of the antibacterial and antifungal control for the test organisms were significantly higher (p < 0.05) than that of the extract. 
FIGURE 1: THE ANTIMICROBIAL ACTIVITY OF LYCOPERDOM PERLATUM METHANOL EXTRACT ON THE TEST ORGANISMS
IGURE 2: THE ANTIMICROBIAL ACTIVITY OF LYCOPERDOM PERLATUM ETHANOL EXTRACT ON THE TEST ORGANISMS
Mean inhibition zone diameter (mm)
Test organisms 500 mg/ml 250 mg/ml 125 mg/ml 62.5 mg/ml Ampicillin (10 µg/ml) Tetracycline (10 µg/ml) Gentamicin (10 µg/ml) Oxacillin (5 µg/ml) Fluconazole (25 µg/ml) Nystatin (20 µg/ml)
DISCUSSION
The first antimicrobial agent (antibiotic) to be produced was Penicillin, and it was discovered through the sheer serendipity of Alexander Fleming in 1928. This was derived from the ascomycetous fungus Penicillium notatum. The antibiotic was put into mass production and large scale therapeutic use because of the scale up work subsequently carried out by Howard Florey and Ernst Chain in the 1940s, and this work was supported by the necessity to cure wounded soldiers of infections during the II world war (19, 20) . Antimicrobial activity of the crude extract of Lycoperdon perlatum as well as phytochemical characteristics were studied. The specific zone of inhibition against various types of pathogenic bacteria and fungus was shown in Figure 1, 2 and 3 . The results indicated that extracts from mushroom have antimicrobial properties as reported by Nwachukwu and Uzoeto (16) . Mushrooms produce various antiviral, antifungal compounds to survive in the wild against competing or pathogenic agents (21, 22) . Also observed in this study is that there were variations in the degree of antimicrobial activities of mushrooms. The sensitivity of isolates to the mushroom extracts implies that intrinsic substance in the extracts is unknown to the microorganisms which made it impossible for them to resist. The variations in the antimicrobial activities of Lycoperdon perlatum extracts may be due to the differences in their bioactive compositions or concentrations, methods of extraction and mechanism of action of active ingredients (23).
The results of the present study strengthened the outcomes of earlier works done by others that showed mushrooms produced a great variety of antimicrobial agents. For instance, it is known that the extract from fruit bodies of several Lactarius sp. (24, 25) (20) and Stereum ostrea (37) contain a wide range of antimicrobial activity. The potential of developing antimicrobials from mushroom appears a rewarding expedition worthy of spending time and other currencies on.
